The ground and excited valence states of Mg: and Mg, are calculated using the multiconfiguration selfconsistent-field method. The energy curves of the X 'E;, '&, ' ":, %,, ' ":, ' by about 1800 cm-'. Analysis of the electronic structure of the excimers shows that the triplet states and the 'IT, state are qualitatively described by covalent molecular orbital theory but all of the other bound singlets require more complicated descriptions including covalent configurational mixing, charge transfer, and Rydbergsovalent configuration mixing. Only the '11, state can be unambiguously characterized as a charge transfer state. The Mg, states were calculated to provide a model of the Group I1 excimer systems, which are candidates for the active media of lasers.
I. INTRODUCTION
The Group I1 metal dimers belong to the broad class of molecules known as excimer systems. They have strongly bound excited states and weakly bound o r repulsive ground states. This causes spectral transitions between the excited states and the ground states to appear as broad continua that a r e shifted far to the red of the corresponding atomic lines. Transitions of this type a r e ideally suited for laser applications. The repulsive (unbound) nature of the ground state implies easily achieved inversions. The large widths of the continuum bands imply tunability, and a relatively small radiative cross section which permits considerable energy storage.
Until recently very little information was available about the nature of the excited states of the Group I1 dimers. Although broad band emission continua have been observed for several species, only in the case of Mg, 2*3 have structured spectra been observed and analyzed to yield information about the dimer potential energy curves. Extensive configuration interaction calculations on the electronic states of Be, were published by Bender and Davidson. However, Be, is not a valid prototype divalent metal system due to the absence of p o r d electrons in the core. In addition, the 3 P + 3 P energy asymptote is below the ' S + ' P for Be +Be, which is different from all other Group IIA and IIB metals.
Bender and Davidson found all of the excited states of Be, to be bound, which is certainly not typical of the metal systems that have been studied more recently. Calculations on the ground and excited states of Zn, have been completed recently by Hay, Dunning, and Rafa) Supported in part by t h e L a s e r Fusion Division, ERDA.
fenetti. Their results are very similar to our results for Mg,, with a few exceptions which will be mentioned in the discussions to follow.
We have chosen Mg, as a prototype Group I1 metal dimer system because the number of electrons (24) is sufficiently few to allow reasonably accurate ab inilio calculations. In addition, the ' Ci ground state and ' C: excited state potentials a r e known from an analysis of experimental absorption s p e~t r a .~*~'~ The lack of d electrons in the magnesium atomic core is of some concern, but an analysis of other systems such a s Zn, shows the d electrons to be unimportant in the energetics of the low-lying excited states. Extrapolations from Mg, to other similar systems is most seriously impeded by the effects of spin-orbit coupling, differences in the sizes (radial extents) of the valence electronic distributions, and the differences in ionization potentials between the Group IIA and IIB metals.
We have calculated potential energy curves for all of the states of Mg, arising from the ' S +?S, ' S + 3 P , and ' S +'P atomic asymptotes, and the lowest and 'nu states of Mg;. We have used multiconfiguration selfconsistent-field techniques (MCSCF) to variationally construct approximate solutions to. the electronic Schradinger equation within the space of a large basis set of Slater-type functions (STF) . For all states we have attempted to achieve an accuracy of 0.2 to 0.3 eV in the shapes of the potential energy curves in order to insure that the ordering of the states, their relative binding energies, and their relative potential minima are reliable. These results should aid in the interpretation of experimental spectroscopic and kinetic data for systems which a r e more interesting laser candidates such as Hg,. 
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%later-type functions have the f o r m X , , , =ANPN-*exr X YLM(B, $), where A,., is the normalization and Y , a r e the usual spherical harmonics. bAn identical basis was placed at each Mg nuclear center.
II. COMPUTATIONAL DETAILS
The calculations described here were carried out with the BISON-MC multiconfiguration self-consistent-field computing system of Das and Wahl. In the MCSCF method the electronic wavefunction is approximated by a superposition of configurations
The configurations a r e constructed from properly projected Slater determinants over a set of molecular spin orbitals w, 2, . . .,a) =o*,s I @1(1) @2(2) . * * + , ( n ) l , (II-2) where OA, represents projection to an eigenfunction of spin and the projection of the angular momentum on the molecular axis. The space parts of the molecular orbitals @ a r e expanded in a basis of Slater-type functions (STF) In the MCSCF procedure the molecular orbital expansion coefficients C i j and the configuration mixing coefficients A , are determined variationally by minimizing the energy in the electronic Schradinger equation within the Born-Oppenheimer approximation.
The STF basis for M g used in these calculations was obtained by augmenting the "nominal" basis for the 'S state given by Bagus et a1. ' Two 3p STF's were added to the basis and optimized by minimizing the single configuration self-consistent-field (SCF) energy of the cent e r of spin of tile lnSP manifold. Two 3d STF's were a added to account for the effect on the molecular wavefunctions of the low-lying M g 4s Rydberg level. The final STF basis is shown in Table I . Two exponents are shown for the diffuse 3d and 4s STF'S because the 'E:, 2 ' E f , 'nu, ' I I , , and 'Ef calculations were carried out with the smaller exponent (0.6). The energetic dependence on these exponents was small. Our experience has been that a basis set of this quality for the neutral system is also adequate for the positive ion (in this case case M g ; ) .
Mg:, 2Z; and 'nu ION STATES
The metal atoms, such as magnesium, have ionization potentials which a r e rather small [I. P. (Mg) =7. 64 eV], and the atomic Rydberg levels a r e energetically not very far above the highest lying valence states. In magnesium the 4s, ' S and 4s, ' S Rydberg levels lie just 0.762 and 1.048 eV above the 3p, ' P excited valence state, respectively. If the ionization potential of the dimer molecule is much lower than that of the atom, and if the molecular quantum defect is not too much.different from the atomic quantum defect, then it is possible that the molecular Rydberg levels are very low lying and may affect the high-lying molecular valence states through valence-Rydberg mixing. For this reason we decided to study the lowest bound Mgf states in order to find the difference between the atomic and molecular ionization potentials as compared to the valence-Rydberg splitting in the atom. (111-2)
The ' E t state is predicted to be bound and is the lowestlying state of Mgf dissociating to Mg('S)+Mg+ ( 2 S ) . The single configuration 40: 4uu is sufficient to give a formally correct description of the molecular ion as well as the asymptotic dissociation limit. However, within the single configuration approximation the dissociated atom and atomic ion a r e restricted to have the same electronic core distributions. This will cause the asymptotic energy to be artifically high relative to the minimum molecular energy, thereby overestimating the dissociation energy. However, the effect is rather small compared to the single configuration approximation and the calculated asymptotic energy is only 0.18 eV above the sum of the Hartree-Fock atom and ion energies. ' Unfortunately, the Hartree-Fock atomic ionization potential i s about 1 eV lower than the experimental value, which causes the Rydberg levels to be too low in energy and exaggerates the Rydberg-valence mixing unless the differential correlation energy between the atom and ion is taken into account.
The first excited M g ; asymptote is Mg(3P) +Mg*(2S), which lies 2.7 eV above the ground state asymptote. Ordinarily, we would not be concerned with ion states that dissociate to higher-lying asymptotes, but in this case it appeared that a deeply bound molecular ion state might a r i s e from 'Pi2S. The state is a 211u state, which 
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A t smaller nuclear separations the first configuration will dominate and should produce considerable binding.
The calculated results for our single configuration state and double configuration 2rIu state a r e tabulated in Table 11 and displayed in Fig. 1 . In the plot we have adjusted the molecular asymptotes to agree with the known atomic splittings. The binding energy of the repulsive, this causes the ionization potential of Mg, to be at least 1.1 eV l e s s than the ionization potential of the atom. For that reason we believe the molecular Rydberg states are much lower lying than the atomic Rydberg levels. Consequently, they could play an important role in the high-lying molecular valence states.
asymptote was found to be more bound (1.36 eV) than ' E : , the binding is not sufficient to make that state a serious contender for the lowest molecular ion state.
These ion calculations also yield some information about the long-range overlap effects in these metallic systems. Since the dipole polarizability of the ' S M g atom is known,1° it i s easy to see that the binding energy at 12 bohr in the ' C where A and B are used to label the nuclear centers. The single configuration wavefunction is usually referred to as the Hartree-Fock wavefunction.
A s is the case with all closed-shell atomic interactions, the Hartree-Fock approximation produces a totally repulsive potential energy curve when a sufficiently saturated basis set is used. Our Hartree-Fock results a r e tabulated in Table 111 , and plotted in Fig. 2 . 
B. Calculation of the van der Waals terms
Mgz is the only molecular system for which an accurate RKR potential for the van d e r Waals well has been obtained from spectroscopic data. The long range inverse power series expansion of the potential has been studied in detail by Stwalley. l2 In 1970 where we have dropped the core notation and @ represents an MCSCF optimized orbital which turns out to be localized because of the localized nature of the principal (Hartree-Fock) orbitals. It is not hard to show that configurations of this type give rise to dispersion interactions at large R (zero-overlap region) and disappear as R -Q). There are two possible deficiencies in this approach to the van der Waals interactions. First, a s the atoms begin to overlap, orthogonality makes the complete localization of the Hartree-Fock orbitals impossible. Thus, it becomes increasingly hard to distinguish interatomic and intra-atomic correlation effects as the overlap increases. A l l van der Waals wells have their minima in the intermediate region where the atomatom overlap is small, but not negligible. Secondly, if intra-atomic correlation terms a r e added to the wavefunction, their contribution can change as a function of R l4 and they can also interact with the interatomic van d e r Waals terms. l5 Despite these shortcomings, Bertoncini and Wahl13' have obtained remarkable results for the He, van der Waals interaction using the MCSCF procedure outlined above. Similar calculations have also been carried out on HeH and LiHe, ArH, '' and Ne,, all with good results.
terms to be added to the Hartree-Fock configuration are similar to those used in the He, configurations are shown in Table IV . Configurations 2 and 3 a r e the dispersion configurations. Configurations 4-8 do not represent long-range 1/R-type dispersion interactions, but they are important at intermediate distances, where overlap effects start to occur. At large R, where the interatomic overlap is zero, configurations 4-8 do not contribute to the wavefunction. We found it necessary to add configuration 8 in order to have an energy lowering from the Hartree-Fock energy which was close to the sum of the energy lowerings for configurations 2 and 3 and 4-7 taken separately.
Since the outer shell of Mg is 3s2, the van der Waals
The The potential energy curve obtained with the eight con- figuration wavefunction is tabulated in Table I11 and plotted in Figs. 2 and 3 along with the experimental potential curve of Balfour and Douglas. ' The a b initio curve predicts a De which is too large by about 400/0. The theoretical Re is 3.8 A a s compared to the experimental value of 3.89 A. There a r e several possible explanations for the large De value. Since the magnesium atom basis set is only a "nominal" one, the expansion e r r o r in the atomic Hartree-Fock energy for Mg ('S) is 0.001 hartree (219 cm-') relative to the exact nonrelativistic numerical Hartree-Fock energy. '' It is possible that the expansion e r r o r in the molecular Hartree-Fock energy in the overlap region is less than 438 cm-' (twice the atomic e r r o r ) due to the superposition of the two atomic basis sets. This would cause an artificial deepening of the potential energy curve. It is also possible that the intra-atomic correlation of the magnesium atoms changes strongly with overlap. To test this we added 3s'-3p2 intra-atomic excitations to the localized molec- Table V . The total asymptotic energy lowering due to these configurations is 0.05842 hartree (two atoms), while near the van d e r Waals Re the lowering is 0.05501 hartree. The potential energy curve obtained with the five configuration wavefunction is tabulated in Table I11 and plotted in Fig. 2 . The atomic correlation changes significantly with R , and substantially modifies the repulsive energy curve a s shown in Fig. 2 . The effect is so great that if the changes in energy from the HartreeFock at each value of R due to intra-atomic correlation were added to the van der Waals potential, the van d e r Waals well would almost disappear. Also, in Fig. 2 reasonable agreement is seen between the repulsive part of the "Hartree-Fock plus van der Waals" (HFVDW) potential and the experimentally derived potential of Scheingraber and Vidal. 3 y 6 If the atomic correlation changes were added to the HFVDW potential, the agreement would be lost. Quite obviously there is strong coupling between the interatomic and intra-atomic configurations. Due to computer limitations we were not able to combine the two effects in one calculation. We would suggest, however, that the ground state of Mg, i s a good test case for any theory of interatomic forces at intermediate distances.
V. THE EXCITED STATES OF Mg,
A. Analysis of electronic structure study a r e those arising from the ' S + 3 P and ' S +'P atomic asymptotes. However, the role of configuration mixing involving states arising from higher-lying asymptotes is important to the understanding of the electronic structure of the low-lying excited molecular states. The various atomic asymptotes and molecular states we will be referring to in this discussion a r e shown in Table VI, The excited states of Mg, being considered in this
In addition to the asymptotic behavior, the character of the molecular orbitals near the equilibrium geometry of the excited states will be examined. Usually, this resolves into an analysis of the bonding character of the valence molecular orbitals listed in Table VII . From overlap considerations it is obvious that the 4ug, 5ug, and 274, orbitals are bonding while the others are not. The usual aufbau of dominant single configurations for the bound excited states would add the available valence orbitals to the bound ion core 40: 40,. Four states a r e then predicted to be stable, the 4u: 4u, 2ru ( 3rIc and Ing) and 40; 40, 5u, ( 3C and ' C E ) . However, the calculations show that there a r e two other slightly bound states. 
(V-1)
However, the excited states normally are not represented by a single configuration. The configurations needed to correctly describe the excited states asymptotically are most readily envisioned by adding molecular orbitals to the appropriate ionic configurations.
The ground state of He,, for example, is described by the configuration 10; la;. TWO positive ion states are obtained by one-electron ionization, the la: la, ('C:) state and the la, lor ('E;) ( ' C : ) and 40,402, ('2;) .
Linear combinations that go correctly to the Mg( 3P)
+ Mg( 3P) asymptote can be constructed as simply.
Once the two configuration "base" wavefunctions have been constructed it is necessary to add other configurations which correlate to higher-lying atomic asymptotes and which effect the state under consideration via configuration interaction. The adiabatic molecular correlations to various atomic asymptotes are shown in Table  VI . Ion-pair asymptotes a r e always added when the electron affinities are positive, and it is now being suggested that scattering resonances (e. g., Mg-) must also be considered in the list. 5*21 From the analysis given by Mulliken for He,, 2o we can see that such negative ion states, o r ion-pair combinations, necessarily follow from the construction of formally cdrrect asymptotic linear combinations of molecular orbital configurations. Taking negative linear combinations in Eqs. (V-2) and (V-3) yields an ion-pair asymptote He+( ' S ) + He-( ' S, ls'2.s).
The same thing i s true for the negative linear For specific kinetic energies the incident electron can be resonantly scattered. This implies that the continuum electron can penetrate a barrier and find an effective potential well attractive enough to change the phase of the function by IT. Since the electron can penetrate the valence region, it is possible that such negative ion states could play a role in molecular binding." But as we have seen the ion-pair configurations a r e already contained in the base wavefunctions and are consequently mixed in the configuration interaction of all these states. The amount of mixing and the significance of ion-pair configurations in these states i s best seen by analyzing them singly, since the mixing of all valence, Rydberg, and continuum asymptotes is important and different for each state.
As pointed out in Sec. 11, we are also concerned with valence-Rydberg mixing, especially for the high-lying molecular singlet states. Since all Rydberg levels a r e the result of single electron excitation, their effect on the valence states is included by the SCF optimization of the molecular orbitals rather than by explicit inclusionof singly excited configurations. Unfortunately, extensive optimization of the STF basis set as a function of internuclear distance would have been prohibitively expensive, so we are left with trying to infer Rydberg mixing by looking at the diffuseness of the valence orbitals within the basis set chosen. This may cause an underestimate of the importance of Rydberg character in the wavefunctions.
To insure proper consideration of states arising from the 3 P + 3 P asymptote it is necessary to include configurations in which two electrons occupy a p-type molecular orbital. This has been done for each of the states under consideration.
MCSCF calculations are usually performed with a relatively small number of configurations. In this study we have considered only excitations within the valence level consisting of molecular orbitals that go asymptotically to either 3s o r 3p atomic orbitals. But, as mentioned above, the molecular orbitals can be quite different in character at shorter internuclear distances, which helps to incorporate many effects. However, because the list of configurations is rather small, there is an inherent difficulty in obtaining the correct relative energies of configurations of differed types which a r e all restricted to be constructed from the same molecular orbitals. For this reason different correlation effects may not be included at the same level of accuracy. This is also true for the asymptotic behavior. The calculated asymptotic states in this study are usually Hartree-Fock-like atoms with at best a small amount of intra-atomic correlation. The ion pair or ionic states have a very different correlation energy behavior than bl bohr=0.5291772x10-8 cm. 'Energies in hartree; 1 h a r t r e e r 2 7 . 2 1 2 eV-219475 cm-'.
bl bohr = 0.5291772 x lo-' cm.
'Asymptotic energies calculated by adding dipole-dipole resonance interactions to the R = 15 hohr values using p i -7.03 a. u, the low-lying valence states, and the Hartree-Fock asymptotic energy differences a r e likely to be considerably in e r r o r . When the valence states a r e being optimized, the higher-lying roots are necessarily too high. For ion-pair states this may seriously distort the mixing at small distances.
The configuration lists used in the calculations a r e tabulated for each state in Tables VI11 and M. The a symptotic forms of the molecular orbitals a r e given in Table VII . In some cases, in order to save time, a half dozen to a dozen of the dominant configurations for a given state were used in a full MCSCF calculation in order to optimize the valence orbitals at each value of R . Then, the remaining configurations were added by a simple configuration interaction procedure with no further orbital optimization. The total number of configurations (including all spin and angular momentum couplings) was restricted to 20 in each case, so some of the least important configurations (or couplings) were excluded from the lists. In the case of the 2'C: state the configurations were constructed from molecular orbitals that were optimized in the 'C calculation. For that reason we expect the 2'C: results to be the least accurate, but we still feel that the principal features of the state are well represented.
B. Results and analysis for individual states
The calculated potential energy curves f o r the eight excited valence states of Mg, are tabulated in Tables X and XI and plotted in Fig. 4 . In the plot the calculated asymptotic energy for each state was set equal to the known separated atom asymptote. arising from 3P +'S the calculated energy at R = 12 bohr was taken to be the asymptotic energy. For the singlet states arising from 'P +'S the dipole-dipole resonance interactionsz2 proportional to p?R-= were added to the R =15 bohr energies to obtain the asymptotic limits. A calculated atomic value of p $ = 7.03 a. u. from our R = 15 bohr wavefunctions was used. Since the states differ considerably in character, it is best to analyze each individually.
For the triplet states
The ' Z: state
The ' E : state of Mg, is the only excited state that has been accurately characterized spectroscopically. The first published spectrum that we could find was taken by Hamada' in 1931 . He observed a strong continuum with a maximum at 388 nm, which he ascribed to bound Mg, molecules correlating with the Mg 2 'Pl atomic state. Later observations include those of StrukovZ3 and Weniger, 24 who both reported banded spectra to the red and to the blue of the Mg 258.2 nm 1 'So-2 'PI resonance line. The first highly resolved spectra of Mg, were taken by Balfour and Douglas in 1969.' Recently, Vidal and Scheingraber 25 have reanalyzed the absorption spectra of Balfour and Douglas' and have produced an RKR curve for the 'C: state as shown in Fig. 5. figurations 40," 40, 50, and 40,4d 50, . configuration becomes dominant with no indication of a curve crossing at any R value. The long range part of the potential is dominated by -~Y : R -~, and our calculated value of p t i s 7. 3 a. u. a t R = 1 5 bohr. This value is about 25% larger than the experimental value of 5.67 a. u. 26 In our calculation we added all important valence single anddouble excitations to the two base configurations. An important part of the R dependence of t h e electronic correlation energy is not included since we omitted doubly excited configurations in which one electron i s excited within the valence level and the other electron i s excited to a virtual orbital. Since such configurations contribute more correlation energy as the atom-atom overlap increases, we expect our calculated potential energy curve to be less bound than the experimental one. Some of our computed energy points Asymptotically, the 'C: state is described by the conNear R, the first are plotted in Fig. 5 for comparison The only nonvalence behavior to be noticed in the 'X; state is the mixing of considerable diffuse 4s character into the 50, orbital at small values of R as shown in Table XII . This may be a n indication of valence-Rydberg mixing of the Mg;'C; ion.
The 'nu state
40, 402,21~, and 4 a i 40, 211, . The long-range interaction is + p : R -= . These two facts would prompt one to predict that the '11, state is unbound. However, spectroscopic evidence has been presented which infers a bound o r quasibound level close to and above the 'C:
Our MCSCF calculations revealed a bound 'II, state with a large b a r r i e r (-2000 cm-') at about 8 bohr. The results are very similar to the results of Hay et a1.5 for Z$. The 'nu mixing coefficients in Table XI11 and the potential energy curves for the two lowest 'nu states in Fig. 6 show a definite curve crossing phenomenon. Between 8 and 7.5 bohr the wavefunction changes very abruptly from two dominant configurations to one. The unusual distortions of the 2 'nu curve in Fig. 6 a r e probThe asymptotic configurations for the ' 11 , state a r e ably due to the fact that the molecular orbitals are optimized for the lowest state and hence do not provide a good representation of the charge transfer state in the curve crossing region. The 1/R curve in the figure   clearly shows the charge transfer nature of the crossing.
The principal 'IT, molecular orbitals tabulated in Table   XIV (1 h a r t r e e = 2 1 9 4 7 4 . 6 cm-'; 1 bohr=O. 5291772XlO-* cm). The long-range potentials of the Z and II ion-pair states are also split by anisotropic ionic interactions such as the ion-quadrupole. Although these differences are small compared to the R-' Coulombic term, they still may be significant in determining the relative importance of the ion-pair configuration at a given internuclear separation. The TI states would be lower in energy than the states. However, we are not able to Figure 7 shows that the Mg' Mg-charge transfer state lies too far above the lowest 311u level for a curve crossing to occur. Consequently, the %, state is unbound as would be predicted by simple covalent molecular orbital theory. Asymptotically, the ' C l state requires two configurations 40, 402, 50, and 4 a i 40, 50, (configurations 2 and 3 in Table VIII ). Ordinarily, a state described by such configurations is not expected to be strongly bound. However, it is clear from Fig. 4 that a significant amount of binding does occur. To understand the binding one need only consider that the 3P + 3P asymptote, which is just a volt above the ' P + ' S asymptote, can give rise to two ' E ; configurations which exhibit substantial binding. These configurations a r e 40: 50; and 40; 271; (configurations 6 and 8 in Table VIII ). The first configuration has two electrons in a bonding orbital formed from two atomic 3pa orbitals. Bonds of this type a r e known to be very strong and can give r i s e to several volts of binding such as in the case of N , ( ' C , =,D +2D). 27 The second configuration, although weaker, can still result in substantial binding relative to the 3P + 'P asymptote. We expected these two configurations to mix strongly in the 2'2; state even at large values of R, since the strong bonding effects should overcome the 1 eV excitation energydeficit rather quickly a s the molecule is formed. Table XV, which gives the 2' C; configuration mixing coefficients as a function of R, bears out our expectations.
The 2 ' Z; state of Mg, is obtained by a Brillouin-type
In their discussion of Zn, Hay et al. indicated that the 2 'E; state is dominated by charge transfer through the Zn' and Zn-Scattering resonance. In our calculation one could consider that the change in phase of configurations 2 and 3 during molecular formation is an indication of charge transfer. This is not a reliable analysis however, since by the same logic the ground state of H,(lo;) would have 50% ionic character at Re. It is much more valid to consider whether the potential energy curve has 1/R behavior at large values of R, o r if a curve crossing with a higher-lying state that is dominated by 1/R is evident. Certainly, our 2'C; curve does not have 1/23 behavior at any point. The 3 ' C ; state, which is not tabulated, isalso bound and widely split (1 e v ) from the 2'$ curve at the closest point of approach. A sizeable barrier exists in the 2' C; curve due to the long-range dipole-dipole resonance forces proportional to 2 p2 R-3. The size of this interaction is 0.114 eV at R = 15 bohr. The only root of our CI Hamiltonian matrix that exhibits 1/R behavior is the 6'C;. This state becomes repulsive at R = 8 bohr due to interactions with the lowe r 4'Cf and 5 '2; states, whichare bothrepulsiveasymptotically.
relates to the Mg*( ,P) + Mg-( ,&' ) asymptote.
It is possible that this ion-pair state corThe above analysis must be tempered by the fact that the orbitals of the higher-lying ' C l states have not been properly optimized by the MCSCF procedure, and consequently the charge transfer state is not well represented. Indeed, the 2lCf state in ZQ, as reported by Hay et al., shows a minimum a t much smaller R than the corresponding minimum in Mg,. 
VI. CONCLUDING REMARKS
The low-lying valence states of Mg, have been studied by a combination of multiconfigurat ion self-consistentfield and configuration interaction techniques with the hope of providing a model for other homonuclear divalent metal dimer systems. The ground state has been found to be essentially repulsive with a small van der W a a l s well. Theoretical calculation of the ground state potential at intermediate distances is complicated by an apparent strong coupling between inter-and intra-atomic electron correlation components.
Two bound states arise from the ' P + ' S asymptote.
The lowest-lying excimer state is ' IIT, , which provides a metastable molecular reservoir that could play an important role in laser and amplifier applications. The bound 3C state, which gains dipole transition strength to the ground state via spin-orbit coupling with the 'nu state, is believed to be the dominant source of continuum radiation to the red of the 'P-'S atomic transition in all homonuclear metal vapor dimer systems. A l l of the triplet molecular states a r e qualitatively described by simple covalent molecular orbital theory.
A l l of the states arising from the ' P + 'S asymptote a r e found to be bound, and all for different reasons. 
